The charge integral of each photomultiplier pulse is also recorded.
temic errors from the scintillator and photomultiplier tubes.
The correction technique involves making three measurements on each photomultiplier signal every storage ring beam interaction. Two timing measurements are made relative to the beam interaction time with different discriminator threshold level settings.
The charge integral of each photomultiplier pulse is also recorded.
These multiple measurements allow computer correction of errors due to discriminator walk with pulse amplitude, timing errors due to scintillator light attenuation and spread, and finite risetime limitations of the photomultiplier and cabling.
The system can be quickly reset after each beam interaction if there is no trigger, thus eliminating any need for delay cables in photomultiplier signal cabling.
The electronics designed for the new time-offlight system is the subject of this paper. SYSTEM 
REQUIREIIENTS
This electronics system is to provide improved processing of signals from the existing Mark II time-of-flight scintillation counters. Figure 1 shows the location of the 48 counters which have photomultiplier tubes installed on both ends.
The time period to be measured is from when the storage ring beams collide in the vacuum chamber, to when particles are detected by the scintillators.
The system goals include:
1. High time resolution circuitry so that electronic noise is negligible compared to the scintillator time resolution, 2. Provide means to correct for "time walk" which is normally observed when input pulse shape or amplitude varies, 3 . Simple system calibration, in which calibration coefficients (and channel-to-channel variations) are automatically measured and applied to the data, The PMT signals are inputs to discriminators whose thresholds are set from the THRESHER. When a photomultiplier signal voltage exceeds the set threshold level a "START" signal is produced which begins a timing period.
A NIM "DISC" output signal is available on the front panel for each photomultiplier channel for possible use in other logic. The discriminator circuits are selflatching so that once they are triggered, the time measurement will continue until STROBE terminates the timing period regardless of input pulse widths.
The conversion of a time interval to a voltage is the time-to-amplitude converter's function. The time interval is defined as beginning with a START from a discriminator and ending with STROBE's back edge, which functions as a common stop. A capacitor discharge circuit, Figure 7 , using a switched current source generates a voltage representative of the time interval.
The capacitor discharge or rundown circuit operates as follows.
Cl in Figure 7 is precharged to "5V REF" by Q2 during the RESET period.
During the time period to be measured, a 10 milliampere current source linearily discharges the capacitor.
The resultant capacitor voltage represents the time interval. The capacitor is buffered by a FET amplifier so it performs as a sample-and-hold circuit that holds while the voltages are read and digitized. First, a simple description of the memory effect is in order.
After setting at a fixed voltage for a long period, a capacitor's dielectric comes to a stressed equilibrium which is a function of the applied electric field. Changing the applied voltage will change the E field and a new equilibrium will be established with a time constant of roughly a few milliseconds.
Therefore, if we suddenly change the voltage on a capacitor from 5 volts to 1 volt (like a rundown does) and then isolate the capacitor (as during a readout period), the voltage will slowly drift upward a small amount (e. g. a 50 millivolt drift that settles in one-quarter second).
The common stop operation was chosen so that the capacitor would remember its beginning voltage, 5V REF shown in Figure 7 . The typical duty factor for a discriminator channel is 1%, and with the common stop operation, only a channel that is hit will have a capacitor voltage change. Hence, when it is read (between 10 microseconds and a few milliseconds later), it will have moved a repeatable drift amount which is automatically removed when the calibration coefficients are applied.
During the readout period we still have the condition where a few channels are soaking up a new memory value. This error is reduced by dividing the readout period into two subperiods: DISCO to BADC transfer and BADC to host computer transfer.
During the first subperiod, the capacitor voltages must be held, but during the second subperiod, which is usually longer than the first, the capacitors are reset to 5V REF and held there until the system begins taking data again. This is accomplished by the BADC sending a CAMAC command to the THRESHER after all channels have been read, causing a long RESET before new measurements.
Charge Integrator.
The charge integrator is a one transistor circuit approximating a voltage controlled current source driving a critically damped RLC circuit. Figure 8 shows the integrating and buffering circuits. Rl terminates the PMT cable in its characteristic impedance and the current from the photomultiplier is converted to a negative voltage pulse. The four channels are shielded from each other by bus bars that also distribute four power supplies.
The single width CAMAC module packaging was necessary to house all the electronics that is needed for processing the PMT signals coming from the Mark II in two crates. Figure 9 shows the prototype DISCO. All twelve measurements from each DISCO module can be multiplexed onto an analog bus which is common to all the TOF modules in the crate.
The advantages of this analog bus structure is described in reference 3. 
CONCLUSION
This instrumentation package will be installed at PEP Interaction Region 12 as part of experiment PEP 5, in November of 1979. The resulting increase in electronic resolution is expected to have an important impact on particle speed measurement and hence particle identification.
The multiple measurements will extract more information from the scintillator signals. This additional information will enable a computer correction technique to significantly improve the time-of-flight system resolution.
These correction algorithms will be the subject of a future report.
